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5 neighboring stations in order to yield a piecewise-constant interpolation map.
91
The IDW interpolation algorithm adopts the assumption that the interpolation value at variogram is estimated for each day, based on observed daily GSR dataset of nearby stations.
121
The detail descriptions of variogram models and ordinary kriging can be found in [29, 30] .
122
To verify the interpolation performances of the three models, a leave-one-out cross- 
Stochastic simulation models
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Three stochastic simulation models are developed to estimate daily GSR using the ANN where R is the mean of the observed GSR values. the worst performance, whereas the OK, which is the most sophisticated approach, shows the 235 best performance, although there is a larger magnitude of MBE for OK than for IDW. The 236 three models generally produce larger MBE at stations 10, 12, and 13, which have larger 237 differences in annual mean GSR values compared to the other stations (see Table 1 for values 238 of annual mean GSR and Figure 1 for station locations). The three models yield small RMSEs 239 at stations located in the high density area (i.e., stations 1 to 9), whereas they yield large
240
RMSEs at stations located in the low density area (i.e., stations 10 to 13). In this low density 241 area, the nearest stations to the stations 10-13 are located within a distance of 482.0, 235.2, 242 236.1, and 363.8 km, respectively, whereas those to the stations 1-9 are located within 100 km.
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It is notable that the performance of the geostatistical interpolation models depends on the 244 density of the network of stations and on the statistical homogeneity of GSR values. simulation models for the stations located in the high density area (i.e., stations 1 to 9).
260
However, these models perform differently for the stations located in the low density area (i.e., GSRs at the station are smaller than its neighboring stations (see Table 1 ). In Figures 3g to 3l , 
298
Using the equations presented in Figure 4 , a threshold distance (TD) between a target 299 and its nearest neighboring station can be estimated according to a desired level of 300 performance (i.e., RMSE or R-square) based on the NN model. In Table 4 
310
The TDs presented in Table 4 can be used as a guideline to select an approach 311 between geostatistical interpolation and stochastic simulation models by comparing estimated interpolation models should be considered to select an optimal approach. As ANN(TH) yields 322 better performance than ANN(T) or ANN(H), the former's TD is shorter than the latter's.
323
Shorter TDs are estimated in summer compared to the winter and autumn seasons due to a 324 weak spatial correlation structure in summer. In the second case, applying more sophisticated 325 geostatistical interpolation models (e.g., IDW and OK) than the NN model is recommended.
326
As an example, at station 7, the IDW and OK models yield better performances, whereas the 327 NN model yield a worse performance compared to the ANN(TH) annually (see Figure 3a) .
328
Finally, in the third case, applying stochastic simulation models is recommended as they 329 generally can perform better than geostatistical interpolation models. Since the best 330 performance model cannot always be applied for a specific period at a selected station due to 331 a lack of available predictor variables and observed GSR values of neighboring stations, the 332 TD criterion of the proposed guideline can be used to suggest an optimal approach. The 333 guideline and TD can also be used for other GSR stations that were excluded in this analysis 334 due to short record-length (Figure 1) .
335
Under the assumption that a target station has only predictor variables, regional 336 stochastic simulation models are developed using the GSR and predictor variables measured 337 at the other stations. Table 5 presents annual performances of regional models for the 13 TDs of the regional models are also 14.9~29.1 km longer than those of the at-site models.
346
These TD values and the ones presented in 
361
The simplest nearest neighbor (NN) model yields the worst performance, whereas the 362 most sophisticated ordinary kriging (OK) model shows the best performance among the three M A N U S C R I P T however, the performances of the regionalized models are worse than the at-site models.
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In the comparison between the geostatistical interpolation and the stochastic 376 simulation models, the geostatistical models perform better at stations located in the high 377 density area, but they perform worse at stations located in the low density area, compared to 378 the stochastic simulation models. Equations that can approximately estimate the RMSE and 379 R-square based on the NN model using the distance between a target and its nearest 380 neighboring station are presented. By using these equations, a guideline is suggested to select 381 an approach between the geostatistical interpolation and the stochastic simulation approaches.
382
A stochastic simulation approach is recommended when the distance between a target and its 383 nearest neighboring station is longer than the threshold distance (TD) estimated according to 384 the RMSE of a stochastic simulation model. In the opposite case, when the TD is longer than 385 the distance between a target and its nearest neighboring station, a geostatistical interpolation 386 approach is recommended. When the TD is similar to the distance between a target and its Atmosphere-Ocean 54 (2016) 
M A N U S C R I P T A C C E P T E D
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPTM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
ANN(T) ANN(H) ANN(TH) ANN(T) ANN(H) ANN(TH) ANN(T) ANN(H) ANN(TH)
Calibration period (2003~2007 Figure 4 with the RMSEs of the 512 three stochastic simulation models at each station and each time scale for the validation period presented in Table 3 . 
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• Models for estimating daily global solar radiation are investigated.
• Geostatistical interpolation and stochastic simulation approaches are compared.
• Geostatistical models yield better performance at a high density measurement area.
• Stochastic models show better performance at a low density measurement area.
• A guideline to select an optimal estimation approach is then suggested.
